ABSTRACT
Introduction

Ultrasonic equipment
96
The desalting treatments were carried out in an ultrasonic bath (71 L, 40 kHz; ATU 97 Ultrasonidos, Spain), equipped with a cooling jacket (Fig. 1F) . The equipment allows 98 the applied ultrasonic power to be modulated (up to 1500 W) (Fig. 1L ). For the 99 temperature control, a glycol solution was pumped (1-38023 CLES, EBARA, Italy) 100 ( Fig. 1D ) from a reservoir tank (Fig. 1E) into the cooling jacket. Afterwards, the glycol 101 solution was cooled down in a plate heat exchanger connected to a chiller unit 102 (Fig. 1A) . The temperature in the bath was measured using seven type K thermocouples 
Characterization of the acoustic field
106
Two different techniques were used to estimate the actual ultrasonic energy applied: 107 calorimetry and acoustic pressure determination. The measurements were carried out at 108 a depth of 100 mm from the water-air interface, where samples were placed during 109 treatment. This depth corresponded to a maximum pressure plane detected through the 110 erosion planes produced by cavitation on a piece of aluminum foil.
111
The calorimetric method consisted of recording the temperature at 7 different points 112 ( Fig. 1H ) for the first 1 min of US application (Cárcel et al., 2007b) . At least five 113 replicates were carried out for each measurement. The slope of the temperature vs. time 114 curve gave an estimation of the average ultrasonic power in the medium.
115
The acoustic pressure measurement was carried out with a hydrophone (TC4013, Reson At preset times (15, 30, 45, 60, 90, 120 and 180 minutes) , four samples were randomly 133 taken out of the bath, blotted, wrapped in plastic waterproof film and frozen (-18 ± 134 0.5 ºC) until moisture (method No. 950.46 AOAC, 1997) and NaCl content (Cárcel et 135 al., 2007b) were determined; this was carried out in triplicate in each case.
136
The thickness of each sample was measured before (T0) and after (T) desalting with a
137
Vernier caliper and the thickness ratio (TR) (Eq. 1) was estimated as an index of 138 swelling. (Ozuna et al., 2013) . by assessing the percentage of explained variance, VAR (%) (Eq. 6). US-1500, respectively. The calorimetric/electric yields were close to 70%.
219
The acoustic pressure measurements showed a very irregular acoustic field distribution Fig. 2A ; range 0.1-0.7 bar) for US-750.
226
As can be observed, doubling the electric energy supplied to the bath transducers 227 doubles the energy measured by calorimetry but not that measured using the 228 hydrophone.
229
The calorimetric method measured the thermal effects produced by US, while acoustic the acoustic power applied (Fig. 3A) .
243
As regards the moisture content, the cod loin's initial content of 1.9±0.2 kg water/kg 244 SFS increased during the experiments. The US application also significantly (p<0.05) 245 accelerated the water transport (Fig. 3B ). For example, the moisture content of 246 CONTROL after 180 min of treatment (3.0±0.4 kg water/kg SFS) was achieved for US-247 1500 in only 63 min (65% reduction in treatment time). As in the case of NaCl 248 transport, the water gain was dependent on the acoustic power applied. 
Modeling transport kinetics
250
The fit of the proposed diffusion models to the experimental data provided percentages 251 of explained variance ranging from 93 to 95% for NaCl and 95 to 97% for moisture 252 kinetics (Table 1) . These low values can be attributed to the great variability of the raw 253 material (Oliveira et al., 2012; Barat et al., 2004) . However, the trend between 254 calculated and experimental data was quite similar (Fig. 3) , showing the feasibility of 255 the model. 
258
The application of US during desalting produced a significant (p<0.05) increase in
259
DNaCl, which depended on the power applied. Thus, DNaCl was 25% higher for US-750 260 and 62% higher for US-1500 than the figure identified for CONTROL experiments
261
( Table 1) . The relationship between the applied acoustic energy and the identified DNaCl 262 was better described from acoustic pressure measurements than from calorimetric.
263
Between the US-750 and US-1500 experiments there was observed to be a 30% 
271
In the case of moisture transport, the increase in DW brought about by US application 272 was close to 41% for US-750 and 103% for US-1500 as compared to CONTROL 273 experiments. As in the case of DNaCl, the increase in DW was also well correlated with 274 the increase in acoustic pressure.
275
The increase in solute and moisture transport when applying ultrasound has been 
Evolution of swelling
294
The application of US during desalting increased the swelling, measured from the TR
295
(Eq. 1), and this increase depended on the level of acoustic power applied (Fig. 4A ).
296
Thus, after 180 min desalting, while US-750 samples showed a TR value (2.8±0.1) 297 which was 22% higher than that of CONTROL (2.3±0.4), in the case of US-1500 there 298 was a 50% increase (3.4±0.3).
299
As for the experimental variability, the first order kinetic (Eq. 4) provided an adequate 300 estimation of the TR ( were observed between US-750 and US-1500.
318
The ability of US to induce structural effects has already been reported (Gabaldón- 
322
The first-order kinetic model (Eq. 5) accurately described the hardness changes during 323 desalting (Fig. 5A) . Both model parameters (kH and Heq) were significantly (p<0.05)
324
affected by US application. However, no significant differences were found between the 325 two acoustic powers tested ( Table 2 ). The rate constant (KH) significantly (p<0.05) 326 increased when acoustic energy was applied as indicated by the more marked reduction 327 in hardness when US was applied (Fig. 5B) . The equilibrium hardness value (Heq) was 328 lower for US treatments than CONTROL, which may be ascribed to the 329 abovementioned structural effects of US.
330
Microstructure
331
SEM micrographs showed the microstructure of salted cod (Fig. 6) . The cod fibers, 332 covered by salt deposits (Fig. 6A) , presented an intense dehydration and compaction were 27% wider (106.7±11.5 μm) than CONTROL. This fiber width increase was also 341 observed in LM micrographs. In this case, the measured fiber width increased from 342 90.4±4.4 μm in CONTROL (Fig. 7D) to 108.8±13.2 and 139.4±11.7 μm in US-750
343
( Fig. 7E ) and US-1500 (Fig. 7F) , respectively. The differences between LM and SEM 344 measurements can be attributed to the differences in sample preparation.
345
The fiber width increase explains the macroscopic swelling already described in Fig. 4 .
346
In addition, the US application increased the interfibrillar spaces (IS) (Figs. 7B and 7C) 347 that can also contribute to the softening of US samples (Fig. 5) 
